Diallel analysis was applied to untransformed data for number of grains per ear in spring barley. Heterogeneity of variances was detected when the 13-parent diallel containing 2-row and 6-row genotypes, was analysed. This heterogeneity was found to be much reduced when the two subsets, containing only 2-row and only 6-row genotypes, were anaiysed. Analyses of variance from 9-parent full diallels at F1 for two seasons indicated significant differences between reciprocal crosses. Large and significant items for additive and nonadditive genetic variance were detected. Significant effects for additive and non-additive variation were also detected when data from 13-parent halfdiallels at F1 and F were analysed in both seasons. Graphical analysis of the 13-parent diallels revealed a high level of dominance with arrays of 2-row parents showing most dominance. Analysis of the 2-row populations revealed complete dominance acting in the direction of greater number of grains per ear. Te3ts for epistasis mostly failed to detect it but those interactions which did reach significance were generally of the duplicate type. Estimation of genetic components confirmed that a high level of dominance was operating in the inheritance of this character. Rather small effects for general and specific combining ability both for high and low numbers of grains per ear were detected, but significant positive correlations were found between the g.c.a. effects and the corresponding parental expression of the character. Significant interactions were detected between additive and non-additive effects at F1 and years in analyses conducted over both seasons.
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I. INTRODUCTION
PRoaRzss in the genetical analysis of yield in barley has been slow, as in the analysis of other complex characters, since in the early generations heritability estimates are generally low (Grafius, Nelson and Dirks, 1952) . In view of this, several authors have stressed the importance of determining the nature and inheritance of the components of yield in barley and wheat rather than of yield itself (Whitehouse et al., 1958; Grafius, 1959; Whitehouse, 1968; Thomas et al., 1971a) .
Perhaps the most comprehensive biometrical study of yielding capacity in barley yet attempted was that described by Johnson and Aksel (1959) .
Of the 15 parents used in a diallel cross, ten were 6-rowed and five 2-rowed. The authors concluded that the component" grains per ear "was predoininant in determining yield under the conditions obtaining in the experiment and that high expression of this character was associated with an excess of recessive genes. This was found to be the case whether 2-rowed or 6 rowedmaterial was analysed. Hayes (1965) however, studying 2-rowed genotypes only, reported that dominance was acting in the direction of high number of grains per ear.
In the study to be reported here, this character was analysed in a 13-95 parent diallel grown in two seasons. Both 2-rowed and 6-rowed material was included.
MATERIALS AND METHODS
Details of the two main experiments from which the present data were obtained have been described elsewhere (Riggs and Hayter, 1972) . Briefly, the experiments were arranged so that analysis could be conducted on a 9-parent full diallel set at F1 and on 13-parent half diallel sets at F1 and F2. Two replicate blocks were grown in each of two seasons and plants were individually randomised at a spacing of 15 cm. between rows and 7•5 cm, between plants within rows.
The mean number of grains per ear was recorded for each plant by dividing the total number of grains recovered from the plant by the number of ears recorded at harvest.
A list of 13 parental varieties and the mean numbers of grains per ear in each season is given in table 1. 
RESULTS
Considerable heterogeneity of the within-family variances was detected in both seasons. The highest variances were associated with the 6-row parents and their crosses and when the 2-row and the 6-row populations were analysed separately the heterogeneity was found to be much reduced. Thus the high level of heterogeneity in the population as a whole was found to be largely a result of inherently different levels of variance associated with two sub-groups. This was not entirely the case, however, as heterogeneity of variances was also detected in the sub-population consisting only of 2-row by 6-row hybrids. All analyses were conducted on untransformed data but the apparently non-random occurrence of widely differing variances will be discussed later. The analyses ofvariance (Hayman, 1954) are shown in tables 2 and 3 for the full and half diallel sets respectively. Highly significant additive and non-additive effects were indicated in all the analyses and evidence of reciprocal effects was detected in the full diallel sets in both seasons. Analyses for the 2-row population are shown in table 4 from which it will be noted that All effects tested against within-family variance.
the non-additive component of the variance was contained almost entirely in the b1 item.
(ii) Graphical analysis
Regressions of Wr on Vr for the full diallel and the half diallel sets at F1 gave coefficients close to unity with the points representing arrays of 6-row parents forming a cluster with high values of Vr and Wr, far removed from the cluster representing arrays of 2-row parents, which was close to the origin. By plotting standardised values ofyr, the parental mean, against Wr + Vr, an inverse measure of dominance, it was clearly demonstrated that dominance was acting in the direction of low numbers of grains per ear, corresponding to 2-row v. 6-row expression.
After correcting Wr and Vr for their environmental components, Wr -Vr wasfoundtobe -28l2±0549and2435±1003forthe 1970 and 1971 data respectively (Mather and Jinks, 1971) . Over-dominance was therefore apparent in the 1970 data whereas in 1971 dominance was incomplete. At F2, with dominance halved, the regressions were more easily plotted and the graph for the half diallel in 1971 is shown in fig. 1 . The extreme recessive positions for the arrays for 6-row parents were still evident and, of the 2-row arrays, the point for Cambrinus (3) occupied the extreme dominant position in both seasons. The correlations between yr and Wr+ Vr were high and positive (r = 09320, P<0.O01, and r = O8249, P<0•001 for the 1970 and 1971 seasons respectively), confirming that dominance was acting in the direction of low expression of the character.
Considering 2-row genotypes only, W/V analyses were inconsistent. The data for replicate block I in 1970 gave a regression coefficient close to unity whilst that in block ir was not significantly different from zero. The 1971 data gave non-significant regression coefficients for both replicate blocks. The relationship between parental expression and degree of dominance for the F1 generation was best shown by plotting standardised values forjr and Wr+ Vr (fig. 2) . The graphs for the two seasons were similar particularly with respect to arrays, 5, 8, 10 and 13.
Correlations between yr and Wr + Vr for F2 data were negative in both seasons (r = -08034, P<001, and r = -06792, P<005 respectively).
Within the 2-row genotypes dominance was thus found to be acting in the direction of greater numbers of grains.
(iii) Epistasis The analysis for epistasis described by Hayman (1957) was performed on the 9 x 9 half diallel involving only 2-row parents. Chi-squared tests for epistasis were not significant, with the exception of that for one replicate block in the 1970 season (P <0.05). When the C-scaling test was performed on the 13 x 13 half diallel, significant interactions were detected though no one array showed conspicuously more interacting crosses than any of the others and interactions were not generally consistent between blocks. Of the interacting crosses most were of the duplicate type though in general the degree of epistasis detected was slight.
(
iv) Components of variation
For the estimation of the seven components of variation, 12 statistics were available from the pooled F1 and F2 data. An unweighted least squares analysis was performed (Mather, 1949; Mather and Vines, 1952; Mather and Jinks, 1971) Very similar conclusions could be drawn from the components estimated for the population of 2-row genotypes. In the absence of the 2-row v. The values for the seven components were used to reconstruct values for the statistics and the overall deviation of observed from expected was tested against heterogeneity between blocks ( Mather and Jinks, 1971 ). In the case of the 13-parent diallel sets in 1970 and 1971 the overall deviation item was found to be significant. This indicates a failure of the model due to epistasis. The goodness of fit of the model was similarly tested for the components derived from the population composed of 2-row genotypes only and in this case the overall deviation was not significantly greater than the heterogeneity among the parts of the experiments. Such a result does not necessarily, however, indicate that the fit of the model is good, but merely that at the level of accuracy of the experiments the model cannot be shown to be inappropriate.
(v) General and specific combining ability
The data for the 2-row genotypes in each block were analysed for each season using the Method 4, Model I analysis of GriflIng (1956) . The analyses of variance revealed significant items for g.c.a. and s.c.a. in both seasons, but the combining ability effects were rather small (tables 6 and 7).
Little consistency was apparent in the sign of s.c.a. effects between seasons or between blocks. G.c.a. effects were more consistent however: Cambrinus (3), Mosane (11) and Sultan (12) exhibited negative effects in both seasons, whilst Midas (10) exhibited relatively high positive effects. With one exception, significant positive correlations were detected between the g.c.a. effects and the corresponding parent expression of the character (table 1) .
(vi) Analysis over seasons Analyses of variance on data from both seasons showed, as expected, highly significant differences associated with years. In addition the analyses 81/1-G 2 of the F1 data showed significant additive and non-additive effects x years interaction.
DISCUSSION
Although a clear confirmation of the dominance of the 2-row expression, in hybrids between 2-row and 6-row parents, was demonstrated there appeared to be marked differences in the levels of variation within the 2-row and the 6-row populations. Relatively high variances within the 6-row population were not entirely unexpected since some of the 6-row material was found to be prone to shattering of the ear which led to some losses during harvest. Wherever possible, the loss of part of a spike was taken into account but some inflation of the variance was probably inevitable.
The same explanation might be given for the heterogeneity of variance within the 2-row by 6-row hybrid population, since the hybrids, whilst having 2-row spikes may have inherited the brittleness of the rachis associated with some of the 6-row parents. The possibility of a genetic explanation cannot be ruled out since analysis of the coefficients of variation, computed for each family, indicated significant additive and non-additive components of variation. Brittleness might be associated with earliness in the sense that the early genotypes would be " over-ripe ", and thus prone to shattering, by the time the trial was harvested. The 6-row genotypes were earlier, in terms of days to heading, than the 2-row genotypes and exhibited dominance for this character (Riggs and Hayter, 1972) .
In an analysis of the components of yield in a 4-parent diallel cross in wheat, Whitehouse et al. (1958) concluded that all the components were under predominantly additive control. When the same data were transformed (Thomas et al., 1971a, b) so as to remove the correlations between the traits, deviations from additive control were detected with dominance and/or genic interaction increasing with each component in sequential order. Our own untransformed data have exhibited a high level of non-additive genetic variation and the 2-row population showed significant b1 items in the analyses of variance (table 4) The order of dominance, acting in the direction of low numbers of grains per ear, detected in the complete data supported the results ofJohnson and Aksel (1959) , but when 2-row genotypes only were analysed at F2 dominance was found to be acting towards increased expression of the character. These findings agree with those of Hayes (1965) but not with those ofJohnson and Aksel (1959) . Aksel and Johnson (1961) studied the relation between maturity periods and yield and its components. They found that varieties with longer sowingto-heading period tended to have higher numbers of grains per ear and to produce higher yields. In our results no clear correlation could be found between parental measurements for grains per ear and for the number of days to ear emergence in the 2-row population. The varieties Midas, Boreham Warrior and Deba Abed showed high expression of the character grains per ear and although Boreham Warrior and Midas were late, under our conditions, for the number of days to ear emergence, Deba Abed was a relatively early variety (Riggs and Hayter, 1972) . In addition Sultan, which was ranked low for grains per ear was only 2-3 days earlier than Boreham Warrior, the latest parent. The correlation coefficients were r = 0.0733 for 1970 and r = 0.3830 for 1971.
The implications for the plant breeder of these results can only be fully assessed when analysis of the remaining yield components is complete, but the detection of large additive effects in the inheritance of this character suggests that no difficulty should be experienced by the breeder in attempting to fix the desired expression. The demonstration of interaction between additive effects and seasons implies, however, that general combining ability effects estimated in one season only may be an inadequate basis for decision making. The detection of a positive correlation between g.c.a. effect and parent expression suggests a further aid in the choice of parents.
